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Global analysis of CDF high-pT data

Fermilab wine & cheese
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The Standard Model works pretty well
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h

We expect something new
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Look everywhere
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Define physics objects

Filter events of intereste

μ

j

b p p

Estimate backgrounds

Simulate detector response

t
r

u
e

reconstructed(mis)Id

Fit for experimental & theoretical factors

e μ j b

e 0.62 2e-3 0.02 0.28

μ 0.51

0.02 0.01 0.04 0.90 6e-3

0.03 0.68 0.21

j 1e-4 1e-5 3e-3 3e-4 1 2e-2

b 1e-4 1e-4 1e-4 5e-5 0.65 0.35
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Data used:   927 pb-1

2.5 fb-1 already in hand,   3.0 fb-1 by shutdown

Equal luminosity accumulated at DØ

Total Tevatron luminosity available is already  x 5

Big thanks to the Accelerator Division
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e

μj

b

“Objects” seen in the detector

pT > 17 GeV
(hadronic)
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p p

e with pT > 25 GeV or

μ with pT > 25 GeV or

 with pT > 60 GeV or

b or j with pT > 200 GeV or

one of a number of di-object triggers

keep ~2 million events

Filter events of interest

Recall:  objects 
are identified 

with pT > 17 GeV
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Standard Model prediction

Process Source
Non-collision  data events with < 3 reconstructed tracks

Minimum bias additional unclustered energy

Overlapping events event mixing

QCD jets Pythia (ranges in pT)

+jets Pythia (ranges in pT)

+jets Pythia

W+jets MadEvent+Pythia with CKKW matching

Z+jets MadEvent+Pythia with CKKW matching

WW,WZ,ZZ Pythia

W ,Z  + jets MadEvent+Pythia

W( ) + jets Pythia

Z( ) + jets Pythia

tt Herwig

other MadEvent+Pythia with MLM matching

^

^
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Standard Model prediction
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Data SM Background

e+e-

e+μ-

b 2j

boxes ≡ exclusive final states

new boxes are created as data 
demand

partitioning is orthogonal

Vista partitioning of events
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Kinematic distributions

(from 4-vectors)

•  object pT, , 
•  invariant masses of all object combinations
•  , R of all object pairs
•  additional specialized variables

e

μ

j

b
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Usual approach

measure correction factors in a control region

search in a signal region
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One physicist’s control region is another physicist’s signal region
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Correction Model

16

All data are treated as both signal and control

Goal
Identify a discrepancy on which we can base a new physics claim

NOT obtain a “good” description of data

Systematic iterative improvement of understanding

Focus on discrepancies

Mundane explanation?
Explicitly work out consequences

Policy:  Nothing gets cut away
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Vista correction 
factors

s

systematics
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2
constraints(s) = 

(s5001 - 902 pb-1)2

(6% x 902 pb-1)2 + ... 
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Vista correction 
factor values
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Comparisons to NLO 
calculations are 
performed where 
possible
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Fake rates

pT dependence imposed}

Electroweak physics at the Tevatron is possible because

(pp W) p(e e)
(pp jj) p(j e)

≳ 1

We need to obtain a Monte Carlo based modeling of fake objects

0 1 2.5 | |central plug
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Fake rates

pT dependence imposed}

Understanding the underlying physical mechanism is crucial

p pq
0

p(j )
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Fake rates

pT dependence imposed}

The primary physical mechanism behind p(j e) is:

single 0

single +

heavy flavor

0 ± overlap

75%

20%

<5%

<1%
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Fake rates

pT dependence imposed}

The primary physical mechanism behind p(j e) is:

single 075%

p pq
0

silicon support structure
e+
e-

not to scale
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Fake rates

pT dependence imposed}

The primary physical mechanism behind p(j e) is:

single +20%

p pq

+

e+ e-

not to scale

electromagnetic 
calorimeter

n0
p
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Single particle gun

Sh
ot

Reconstructed

/105

pT = 25 GeV
central



Bruce Knuteson  

reconstructed pT (GeV)

Legend

Single particle gun

Sh
ot

Reconstructed

pT = 25 GeV
central

25 500
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p(j e) p(j μ)

p(j ) p(j )

0 ee “e” + μ μ “μ”

+ “ ” 0 “ ”

p(q )
32

Fake rate physics
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Vista correction 
factor values

A number of additional 
checks have been performed:

comparisons with 
numbers from other CDF 
studies

re-fitting on data 
subsamples

leaving Standard Model 
processes out of the 
background estimate and 
seeing whether they can 
be fit away

introducing additional 
correction factors to 
check behavior

checking PullApart and 
Influence
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A complete correlation matrix is obtained

35

(no other procedure provides a complete correlation matrix)

CDF Run II Preliminary (927 pb-1)
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2(s)

near minimum
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1

0

CDF Run II Preliminary (927 pb-1)

horizontal axes provided in previous table
(correction factor values and errors)
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convincing new physics claim
no discrepancy left that motivates a 
new physics claim

37

systematically improving 
understanding

continual iteration
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The Vista result

38
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Vista output

39

(stat. uncertainty only)

CDF Run II preliminary (927 pb-1)
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Vista 
output

40

CDF Run II preliminary (927 pb-1)



R(j,b)
1 2 3

N
u

m
b

er
 o

f 
E

ve
n

ts

0

20

40

60

b j 

)
-1

CDF Run II Preliminary (927 pb

CDF Run II Data
Other

 jj : 0.3% MadEvent 
Pythia bj : 9.1%
Pythia jj : 24.3%

 j : 65.8%Pythia 

R(j,b)
1 2 3

N
u

m
b

er
 o

f 
E

ve
n

ts

0

20

40

60

Many final state background estimates are dead reckoned, 
with no degrees of freedom

) (GeV)M(W,
100 150 200 250 300

N
u

m
b

er
 o

f 
E

ve
n

ts

0

10

20

30

Tp  +e

)
-1

CDF Run II Preliminary (927 pb

CDF Run II Data

Other

) j : 3.1%eMadEvent W(

 : 4.3%ee) MadEvent Z(

ee) : 7.2%Pythia Z(

 : 78%) eMadEvent W(

) (GeV)M(W,
100 150 200 250 300

N
u

m
b

er
 o

f 
E

ve
n

ts

0

10

20

30



Bruce Knuteson  

(M(t)+M(tbar))/2
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Vista final state normalizations

43Bruce Knuteson  

data < SM SM = data SM < data
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Vista kinematic shapes

44Bruce Knuteson  

100%KS probability 50% 0%95% 5% 1%99%
agreement disagreement
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Sample discrepant distribution
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Related discrepant distribution

Bruce Knuteson  
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Related discrepant distribution

r

z
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Overall boost 
(“intrinsic kT”) 

not well described

unclustered energy

(x,y)
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Detector 

effect

Poor 

prediction

Plausible 

interpretation

Statistical 

fluctuation
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Statistics defined so far:

Normalization (final state populations)
Shape (quantified by a KS test)

Add one more:

pT  (for historical reasons called Sleuth)
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Sleuth

Assumptions:
1.  Exclusive final state
2.  Large pT

3.  An excess

0001001

present

(prediction) d(hep-ph) Rigorously compute the 
trials factor associated 

with looking everywhere

DØ Run I

   Phys.Rev.D 62:092004,2000

   Phys.Rev.D 64:012004,2001

   Phys.Rev.Lett.86:3712,2001

H1 General Search

   Phys.Lett.B 602:14-30,2004
 arXiv:0705.3721  (last month)

52

pT  statistic

a quasi-model-independent search strategy for new physics
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Vista partitioning of events

μ+μ-

Sleuth partitioning of events

e+e- ℓ+ ℓ-

...

Global charge conjugation equivalence
e+e+ ≡ e-e-

Lesser generation equivalence
e+p ≡ μ+p

Quark jets come in pairs
2j ≡ 3j

4j ≡ 5j

bj ≡ bb ≡ bjj ≡ bbj

e+pb3j e-pb3j

μ+pb3j μ-pb3j

e+p2b2j μ-p2b3j

Wbbjj
-
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Find the most 
interesting tail

Produce 
pseudo 
experiments 
to assess 
significance

411
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Jet (j)

Jet (j)

Sleuth Sensitivity 
Q:  Would Sleuth have
     found the top quark?
A:  Yes.  
     Expected Run II discovery
     luminosity ~80 pb-1

    (Run I discovery 67 pb-1)

55
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top quarks removed from the background estimate

discovery threshold

~
~
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Sleuth systematics

There is no sense in which Sleuth 
comes after Vista (except pedagogically)

A Sleuth discrepancy is pursued and 
debugged just like a Vista discrepancy 

A mundane, specific hypothesis to 
explain a Sleuth discrepancy feeds 
back into the Vista correction model, 
and is tested for consistency with the 
CDF data

Systematic uncertainties are 
incorporated into Sleuth in the form 
of this correction flexibility

Systematic errors are not integrated 
over as nuisance parameters

Effect of adjusting correction factors 
is ~10% x Standard Model prediction

Effect of outright mistakes (not 
thought of until discovered and fixed) 
is often larger (focusing on pathologies)
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WW: discovery if removed from Standard Model background
Single top: somewhat less sensitive than targeted search 
Light Higgs (m

h
 < ~150 GeV) : significantly less sensitive than targeted search 

Heavy Higgs (m
h
 > ~160 GeV) : performance similar to WW production

Sensitivity 
to WW

Sleuth’s sensitivity to other Standard Model processes
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Sleuth
targeted search

discovery (pb)
worsebetter

Sample comparison of Sleuth to targeted searches
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The Sleuth result

60

pT  statistic
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46% of pseudo experiments are 

expected to be as interesting 

Sleuth finds no significant excess 

in CDF Run II high-pT data

This does not prove there is no 

new physics present

Sleuth@CDFII 
result

(top 5)

61

CDF Run II preliminary (927 pb-1)

fraction of pseudo experiments in this 

final state as interesting as CDF data

fraction of pseudo experiments in any 

final state as interesting as CDF data
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year
65

Can we still discover something new?
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year
66

Yes

2007 2007



Bruce Knuteson  

Summary

A global analysis of 927 pb-1 of CDF Run II data has been performed

Vista
model-independent

searches the bulk of distributions

Sleuth
quasi-model-independent
searches the high- pT tails

This global analysis has revealed no new physics in 927 pb-1

Tevatron Run II will provide 10x more data yet to be searched

67


